Introduction
Health workers form the foundation of health service delivery: their numbers, skill and commitment are critical for the delivery of good quality health care. Geographical imbalances in the health workforce, a problem common to most health systems, raise concerns about equity (i.e. differential access to health care) and efficiency (i.e. the allocation of resources to those areas where they have the greatest impact on health outcomes). Fortunately, renewed attention is being given to this problem, which is particularly relevant for developing countries, where resources are limited and health outcomes are often poor.
Ultimately, success or failure in attracting health staff to rural facilities or retaining them in rural posts depends on health workers' preferences and choices. A growing body of evidence shows that non-wage job attributes, such as training opportunities, career development prospects, and living and working conditions, play a role in what health workers choose. [1] [2] [3] [4] However, factors on the supply side, such as health workers' preferences, have received little attention, despite the fact that policy-makers seeking to address geographic imbalances need to also take these factors into account. Policies have shifted from compulsory rural service, which is difficult to manage and enforce, to providing economic incentives for such service in the form of rural allowances and bonuses. 5, 6 But in the absence of rigorous evaluation, just how effective these incentives are in attracting health workers to rural areas or retaining them in rural posts is uncertain. The available evidence suggests that such measures can improve short-term recruitment, but their effect on long-term retention is less clear. 7, 8 To address these difficulties, countries as diverse as Australia, the United States of America (USA), Indonesia and Thailand have developed recruitment programmes that target health workers who have particular reasons for being committed to rural service. 5, 6, [9] [10] [11] [12] Emerging survey evidence suggests that health workers with a rural background are more willing to work in rural posts and are more responsive to incentives to work in rural areas. [12] [13] [14] [15] [16] Recent theoretical work also suggests that intrinsic motivation, i.e. the desire to do something for its own sake, can have a strong effect on job choice. New evidence confirms this for health workers in developing countries. [16] [17] [18] [19] [20] [21] However, most human resource policies do not take into account heterogeneity in health worker preferences.
This paper examines the extent to which health workers differ in their willingness to work in rural areas and the reasons for these differences, based on the data collected in Rwanda analysed individually and in combination with data from Ethiopia.
Methods

Study setting and data
Over the last decade, Rwanda has allocated considerable financial resources to the health sector. Nevertheless, key indicators of health service utilization and health outcomes remain well below the average for sub-Saharan Africa. 22, 23 Policy-makers in Rwanda Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español.
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Objective To understand the factors influencing health workers' choice to work in rural areas as a basis for designing policies to redress geographic imbalances in health worker distribution. Methods A cohort survey of 412 nursing and medical students in Rwanda provided unique contingent valuation data. Using these data, we performed a regression analysis to examine the determinants of future health workers' willingness to work in rural areas as measured by rural reservation wages. These data were also combined with those from an identical survey in Ethiopia to enable a two-country analysis. Findings Health workers with higher intrinsic motivation -measured as the importance attached to helping the poor -as well as those who had grown up in a rural area and Adventists who had participated in a local bonding scheme were all significantly more willing to work in a rural area. The main result for intrinsic motivation in Rwanda was strikingly similar to the result obtained for Ethiopia and Rwanda combined. Conclusion Intrinsic motivation and rural origin play an important role in health workers' decisions to work in a rural area, in addition to economic incentives, while faith-based institutions can also influence the decision.
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Who wants to work in a rural health post in Ethiopia and Rwanda? Special theme -Health workforce retention in remote and rural areas agree that an overall shortage of human resources and geographic imbalances in health worker allocation are the main constraints to improving health care. Specifically, almost 88% of physicians and 58% of nurses in the country work in urban areas, despite the fact that 82% of the population resides in rural areas. 24, 25 In 2008 we conducted a cohort survey of 288 nursing students and 124 medical students in Rwanda. This was equivalent to 53% and 76% of all nursing and medical students in the country, respectively, during the selected period. The sample used for the regression analysis in this study only contained second-and third -year nursing students and medical students in their final year, so that the total number of observations was reduced to 222. A similar cohort survey was conducted in Ethiopia in 2005 and the results of a combined analysis for Ethiopia and Rwanda are presented later in the paper.
The medical students in Rwanda were from the only medical school in the country. We surveyed 83% of all medical students in their final year, and we used a two-step strategy to sample nursing students. We began by selecting three schools among the seven nursing schools in Rwanda. Two of them were government-run (one was in Kigali, the capital, and the other outside Kigali) and the third belonged to a nongovernmental organization (NGO). The only private for-profit school in the country was excluded because it was not accredited. The remaining three schools, two of which were run by the government and one by an NGO, were used for piloting and excluded from the survey to avoid contamination. Next we selected different classes of students. A total of 84%, 78% and 77% of all second-and third-year nursing students in the three schools participated in the survey.
The survey instrument was a selfadministered (supervised) questionnaire with questions on job preferences, economic status and demographic characteristics, as well as on health worker motivation. A separate medical knowledge test in two parts, one on evidence-based medicine and the other on the delivery of medical interventions, was also completed by the respondents at the same sitting. The test was developed for the cohort survey conducted in Ethiopia and subsequently tested and adapted for Rwanda under the supervision of the medical faculty of the National University of Rwanda. The test scores were included in the regression analysis to determine if students who scored higher were less willing to work in rural areas than students with lower scores.
The Rwandan government plays an important role in assigning public sector health workers and in determining their wages, which therefore exhibit little variation. Thus, actual salaries do not reflect health workers' personal valuations of the wages for which they are willing to work in a particular setting. We therefore used contingent valuation questions to assess respondents' willingness to work in rural areas. 26 The use of contingent valuation had a further advantage. The students in our sample had not yet entered the labour market and therefore had no observable wages; and even if they had entered the labour market already, for any given health worker only an urban or a rural wage would have been observable. Contingent valuation provided us with counterfactual choices. The use of contingent valuation in the area of human resources for health is rare, and we know of only two examples. One is a study in Indonesia, which showed that under certain circumstances physicians can be attracted to more remote areas using relatively small cash incentives. Another is a study in Ethiopia, discussed elsewhere in this paper, in which contingent valuation was used to elicit rural reservation wages, i.e. the lowest remuneration for which a given health worker is willing to work in a rural area. 12, 27 In brief, the contingent valuation method is used to elicit the valuation of goods or services for which there is no market. For example, the value of preserving a national park can be elicited through contingent valuation questions for different groups of people to inform a cost-benefit analysis of policies to protect it. Thus, contingent valuation provides a method for gauging the otherwise unobserved demand curve.
We followed best practice for contingent valuations. First, we administered the questionnaires in the schools, under team member supervision, to students who had had practical work experience. 28, 29 We then used actual starting wages for nurses and physicians as reference wages and offered students a concrete choice between a post in Kigali and a post 100 km from Kigali. Finally, by using a payment-card question, we provided respondents with a range of well defined wage offers. 26 After careful piloting, we adapted the contingent valuation question in the Ethiopian study to the Rwandan context:
"Imagine that when you finish your studies you are offered two jobs as a health worker in the public sector, one in Kigali and one in a rural area 100 km from Kigali. Both contracts are for at least 3 years and the jobs are otherwise identical. Your monthly salary for the job in Kigali would be [reference wage] Rwandan francs. Which job would you choose if your monthly salary for the rural job were [amount] Rwandan francs?"
The question was repeated for seven different salaries, starting at 165 000 Rwandan francs (RWF) and gradually increasing up to 515 000 for nursing students, and beginning at 310 000 RWF and going up to 710 000 for medical students. For students with a rural reservation wage greater than the highest wage offered, an open-ended question was added to limit censoring from above. Fig. 1 and Fig. 2 plot the histograms of rural reservation wages (expressed in 2008 United States dollars adjusted for purchasing power parity, henceforth PPP$) 30 and indicate that while the distribution for nursing students tends to be bimodal, with one group of nursing students having relatively low reservation wages and a second group distributed around a higher mean, the distribution for medical students is unimodal. Fig. 3 plots the cumulative distribution functions (CDFs). The line to the left reflects the CDF for nursing students and indicates that close to 40% of nursing students are willing to work in a rural area at the current starting wage (875 PPP$), and that more nursing students are willing to work in a rural post as wage offers increase. A crude reading of the CDF suggests that to get 80% of new nurses to take up a rural post (under the assumption that wages are the sole determinant of location decisions) would require an average premium of 71% on top of the current starting wage. For medical students, only 7% are willing to work in a rural area for the current wage (1430 PPP$), and the concave shape of the CDF indicates that at higher wage levels, additional wage increases attract fewer extra physicians to rural areas. To get 80% of physicians to take up a rural post would require a wage premium of 57%. 
Estimation method
To analyse the contingent valuation data for Rwanda we estimate the following equation:
where RW, the dependent variable, is the natural log of the reservation wage at which a rural post would be accepted. On the right-hand side, HELPPOOR is our measure for intrinsic motivation and it takes the value 1 if "opportunity to help the poor" is ranked as the most important job characteristic by the respondent relative to other job attributes related to extrinsic motivation. The variable HH-EXP reflects the economic status of the parental household, since most students do not have their own household yet. By including questions on asset ownership identical to the ones used in the national Integrated Household Living Conditions Survey conducted by the National Institute of Statistics of Rwanda, we can predict household expenditures. 31, 32 The medical knowledge test score, TSCORE, allows us to test the assumption that students who perform better in school are less likely to work in rural areas. Other variables we include on the right-hand side of the equation are FEMALE and AGE. We also include two variables reflecting a rural or urban background: DISTANCE, the time it took to walk to school at age 6, and KIGALI, which takes the value 1 if the respondent was born in Kigali. In line with previous findings, we expect health workers from rural areas to be more willing to work in a rural setting. A variable reflecting religious affiliation, RELIGIOUSAFFIL, is used to test whether this is associated with the provision of rural (and pro-poor) services, as suggested by emerging research. 27, 33 We estimate the equation by the ordinary least-squares method to provide a point of reference for the subsequent interval regressions. The latter is the preferred method because reservation wages are reported in ranges rather than exact values, and interval regression analysis explicitly takes the censoring of the reported reservation wages into account. Summary statistics are shown in Table 1 .
Because of the relatively small number of observations, in the next section we combine the results for nursing and medical students (while including a dummy variable, DOCTOR, for medical students). All the main results are similar for the subsample of nursing students only, and the results for medical students are largely the same but less pronounced due to the small sample size. Table 2 contains the results of the ordinary least-squares and interval regression analyses for the sample of 222 second-and thirdyear nursing students and medical students in their final year in Rwanda. The results, which are consistent across specifications and estimation methods, show that students with higher intrinsic motivation -those who rank "helping the poor" as the most important job attribute -had lower rural reservation wages, with a regression coefficient statistically significant at the 5% level. Students from a more prosperous background tended to have higher reservation wages, arguably because they could afford to be more selective about their work location, although the regression coefficient was not significant in the second, third, fifth and sixth specifications, when the proxies for rural background and being born in an urban area were included in the model. Special theme -Health workforce retention in remote and rural areas
Results
We found no evidence that students with a higher score on the medical knowledge test were less willing to work in rural areas. However, students who grew up in more remote areas, as proxied by the time it took to walk from home to school at age 6, had lower rural reservation wages, in line with findings from previous studies. 12, 34, 35 In our sample, the Adventist religious affiliation was the only one that yielded statistically significant results, and our estimations therefore focused on this particular affiliation.
The results from the second and fifth specifications in Table 2 imply that Adventist students had lower rural reservation wages on average. Anecdotal evidence suggests that this reflects a local bonding scheme operated by Adventist communities in Rwanda, whereby students must repay funding either by working for the community or in cash, and they are encouraged to intern in a rural facility where they can later work. To unravel the effect of being an Adventist, we included an indicator variable, RURWEXP, for having rural work experience and another indicator variable, OBLIGATION, to reflect if the health worker was under obligation to pay back educational expenses. Because not all Adventists participated in a bonding scheme, we included an interaction term between ADVENTIST and these two variables, to reflect participation in such a scheme. When the interaction term was included in the model, the coefficient for the ADVENTIST variable lost statistical significance (third and sixth specifications). This confirms that the statistically significant regression coefficient for the variable ADVENTIST in the second and fifth specifications reflected participation in the bonding scheme. Finally, medical students had significantly higher reservation wages than nursing students, as expected.
Thus, using unique data based on contingent valuation questions, we found that intrinsic motivation, rural background, and Adventists' participation in a local bonding scheme were strongly related to health workers' willingness to work in a rural area in Rwanda. These results, especially those related to intrinsic motivation, are highly consistent with the results of a joint analysis including data from a similar cohort survey conducted in Ethiopia, presented in the following section. Special theme -Health workforce retention in remote and rural areas
Combined analysis
Because the survey instrument we used in Rwanda was identical to the one used in the Ethiopian survey, we were able to compare findings for the two countries and conduct a joint analysis using data from both countries. The regression results for Ethiopia, which also showed a statistically significant positive association between intrinsic motivation and willingness to work in a rural area, are described in the original publication. 27 As in Rwanda, in Ethiopia, students from a more prosperous background had higher reservation wages, and those who grew up in more remote areas or who were Catholic had lower reservation wages. The last mentioned is explained by the fact that most Catholic students attend an NGO school that strongly encourages commitment to rural service in its education.
Because of the relatively small number of observations in each country sample, we pooled the observations for the two countries to estimate the regression coefficients more precisely. Table 3 shows the results of the ordinary leastsquares and interval regression analysis for the joint Ethiopian and Rwandan sample. The regression coefficient on intrinsic motivation remained highly significant in the joint sample, indicating that more motivated future health workers had lower rural reservation wages. Being Adventist also remained highly significant, and being Catholic was weakly significant. The coefficient on the Protestant variable was also statistically significant in the pooled data but not in the separate analyses. Further analysis is needed to understand what this effect is capturing. A rural background, as proxied by the distance to school at age 6, was no longer significant, whereas being from Addis Ababa (the Ethiopian capital) was significant in the ordinary least-squares analysis (second specification in Table 3 ), but not in the interval regression analysis (fourth specification in Table 3 ). The reason is that the variables proxying for rural background were different in the two countries: distance to school in Rwanda and having a permanent address in Addis Ababa in Ethiopia.
Discussion
The results presented in this paper provide clear evidence of substantial heterogeneity in health workers' willingness to work Table 2 . Special theme -Health workforce retention in remote and rural areas in a rural area. In Rwanda, future health workers who are more intrinsically motivated, come from a rural background, or participate in an Adventist local bonding scheme were all found to have significantly lower rural reservation wages. When the data from Rwanda were pooled with those from Ethiopia, two key determinants of rural reservation wages emerged: motivation to help the poor and religious affiliation, with the latter reflecting country-specific activities by faith-based institutions. In Rwanda, the Adventist community operates a local bonding scheme, which our results suggest is effective in getting future health workers to take up rural posts. So far this has only been documented with anecdotal evidence. In Ethiopia, a Catholic NGO offers training that encourages rural service. In all these results, the effect of intrinsic motivation stands out as a particularly strong and robust finding.
These results are very robust despite the notable differences between the two countries: Rwanda is a small country with a high population density and a mixed public-private health system, while Ethiopia is a vast country with a low population density that has only recently made the transition to a combined public-private health system. This suggests that health workers' willingness to work in a rural area is not as context-specific as is often assumed.
What do these findings imply for policy-making? First, that while economic incentives undoubtedly play an important role in future health workers' choice of rural or urban postings, they are not the only factor. In line with a growing theoretical literature on public service delivery, our results corroborate empirically that health worker motivation is also important. 18, 20, 36, 37 As a result, schemes intended to attract and retain staff in rural areas can be made more effective by targeting highly motivated health workers. A simple simulation illustrates how it can also reduce costs. Assume for simplicity that we want 80% of nurses in rural areas because that is where approximately 80% of the population lives. Paying the rural premium of 71% of starting wages to all nurses would require an increase of 30% of the human resource budget or 1.2% of the total annual health budget. If instead highly motivated health workers are targeted with the goal of obtaining 50% motivated workers, the human resource budget would only need to increase by 22.5% or 0.9% of the total health budget. Although these are naïve simulations based on stringent assumptions, they illustrate the potential benefits of integrating motivation into human resource for health policies.
Second, health workers with certain observable characteristics, such as a rural background, tend to be more willing to work in rural areas and should therefore be actively encouraged to choose a rural posting through targeted recruitment programmes like the ones previously discussed.
Third, our findings in connection with religious affiliation underline the important role of faith-based institutions in the health sector in sub-Saharan Africa, and both Ethiopia and Rwanda offer examples to inspire future policy-making.
Of the three factors that influence health workers' willingness to work in a rural area, rural background is the most tangible. The roles of intrinsic motivation and of context-specific faith-based institutions deserve more attention in future analytical work. ■ Table 3 . Results from ordinary least-squares and interval regression analysis of determinants of rural reservation wages a among nursing and medical students in Ethiopia (2005) Resumen ¿Quién quiere trabajar en un puesto de salud rural? Papel de la motivación intrínseca, el origen rural y las instituciones confesionales en Etiopía y Rwanda
Objetivo Comprender los factores que determinan la decisión de los trabajadores sanitarios de trabajar en zonas rurales como base para formular políticas de corrección de los desequilibrios de la distribución geográfica de los trabajadores sanitarios. Métodos A través de un estudio de cohortes de 412 estudiantes de medicina y enfermería se obtuvieron datos especiales de valoración contingente. A partir de ellos se realizó un análisis de regresión para examinar los determinantes de la disposición de los futuros trabajadores sanitarios a trabajar en las zonas rurales, medida por los salarios de reserva rurales. Estos datos se combinaron además con los de una encuesta idéntica llevada a cabo en Etiopía para hacer un análisis basado en dos países.
Resultados Los trabajadores sanitarios con más motivación intrínseca -medida como la importancia atribuida a la ayuda a los pobres-, así como los que habían crecido en una zona rural y los adventistas que habían participado en un sistema de vinculación por contrato se mostraron todos ellos significativamente más dispuestos a trabajar en una zona rural. El resultado principal relativo a la motivación intrínseca en Rwanda fue sorprendentemente similar al obtenido para Etiopía y Rwanda combinadas. Conclusión Además de los incentivos económicos, la motivación intrínseca y el origen rural influyen mucho en la decisión de trabajar en una zona rural entre los trabajadores de la salud, y las instituciones confesionales también pueden incidir en esa decisión.
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